This is an analytical study of magnetic fields effects on the conductance, the shot noise power, and the third charge-transfer cumulant for Aharonov-Bohm rings and Corbino disks in graphene. The two distinct physical mechanisms lead to very similar magnetotransport behaviors. Differences are unveiled when discussing the third-cumulant dependence on magnetic fields.
where the electron charge is −e and X denotes the expectation value of X. In the so-called shot-noise limit eV k B T (with Boltzman constant k B and tempera- * Corresponding author, e-mail: rycerz@th.if.uj.edu.pl. ture T ) the characteristic function is given by [3] ln Λ(χ) = seV ∆t 2π
where T p are transmission probabilities for normal modes in leads, each of which has a degeneracy s (at low fields, s = 2 for 2DEG, or s = 4 for bulk graphene due to spin and valley degeneracy). We have assumed V > 0 for simplicity; denotes the Plank constant. The average charge Q , as well as higher chargecumulants Q k ≡ (Q − Q ) k may be obtained by subsequent differentiation of ln Λ(χ) with respect to iχ and setting χ = 0. In particular, the conductance
which restores the Landauer-Buttiker formula. Analogously, the Fano factor
where Q 2 Poisson = e Q denotes the value of Q 2 for the Poissonian limit T p 1. We further define the R-factor, quantifying the third cumulant with Q 3 Poisson = e 2 Q . For undoped graphene samples, similarly as for diffusive wires, the distribution of transmission eigenvalues is ρ diff (T ) = 2G/(g 0 T √ 1 − T ) [12] , with the conductance quantum g 0 ≡ 2e
2 /π , leading to F = 1/3 and R = 1/15.
Aharonov-Bohm effect in graphene.-Recent experimental [7] and numerical [8] studies suggest that the magnetoconductance of Aharonov-Bohm rings in graphene behaves similarly as the magnetoconductance of two parallel tunnel junctions [13] . In particular, the oscillations magnitude ∆G ≡ G max − G min ∝ G av g 0 (with G max , G min , and G av the maximal, the minimal and the average value of the conductance when varying flux piercing the ring area Φ; see Fig. 1(a) ).
Such observations allow us to regard electron transport through a narrow symmetric ring as dominated by a single mode (p = 0) with
where Γ 1 is the transmission probability for each of the ring arms [14] , γ 0 is the total dynamic phase gained by an electron traveling around the ring at zero magnetic field (typically, γ 0 is controlled by the transverse electric field induced be gate electrodes not shown in Fig.  1(a) ), and Φ AB ≡ 2π /e is the flux quantum. We notice here, that randomly-chosen γ 0 leads to the distribution of transmission probabilities ρ AB (T ) = 1/π T (Γ − T ), with 0 T Γ. Subsequently, G = g 0 Γ/2, F = 1/4, and R = 0, which reproduce the results for a symmetric chaotic cavity [3] . Although we consider a simple model (6) , the universality of chaotic cavity transport properties lets us believe, that these results also hold true for real systems. So far, the experimental values of F and R for Aharonov-Bohm rings in graphene are unavailable. Substituting T p = T 0 δ 0,p into Eqs. (3-5) we obtain the conductance, the Fano factor, and the R-factor presented in Fig. 2 for γ 0 = 0 and selected values of Γ. Each of the studied quantities oscillates as a function of flux with period Φ AB . The influence of higher harmonic frequencies become visible only for the R-factor if Γ 1/2. The first-harmonic amplitude, however, dominates the magnetic field dependence of R for any Γ, and no qualitative effect (such as the frequency doubling) is present. Also, the oscillations magnitudes: ∆G/g 0 = ∆F = Γ and ∆R = Γ (3 − 2Γ ), with Γ = min(Γ, Relativistic Corbino effect.-Transmission probabilities for the Corbino disk in undoped graphene (see Fig.  1(b) ) are given by [9] 
where j = ± ing the disk in the uniform magnetic field B [15] , and Φ 0 ≡ 2Φ AB ln(r 2 /r 1 ) is the oscillation period of the conductance and higher charge-cumulants. Eq. (7) holds true also in the small vicinity of the charge-neutrality point, defined via |Φ 12 | 2Φ AB ln( v F /|µ|r 1 ), where v F 10 6 m/s is the Fermi velocity in graphene and µ is the electrochemical potential.
We now substitute T j to Eqs. (3-5) for measurable quantities. Results are presented in Fig. 3 . For small values of r 2 /r 1 we have G 2g 0 / ln(r 2 /r 1 ), F 1/3, and R 1/15, reproducing the diffusive values. This is also worth to notice, that taking random fluxes Φ 12 covering uniformly the period Φ 0 , one restores ρ diff (T ) for arbitrary j and r 2 /r 1 in Eq. (7). Subsequently, diffusive values of G and higher charge cumulants Q k are exactly restored by averaging over magnetic fields for any r 2 /r 1 . For large r 2 /r 1 , the system alternates between two transport regimes when varying magnetic field: At Φ 12 /Φ 0 close to half-odd integer, the transport is govern by a mode with T j 1, leading to G g 0 , F R 0, such as for a single-mode quantum point contact. On the contrary, when Φ 12 /Φ 0 is close to an integer, we have T j 1 for all j-s, leading to G g 0 , F R 1, such as for a tunneling junction. This feature makes the system behavior similar to that characteristic for a double barrier rather than the Aharonov-Bohm ring [3] .
Fourier analysis.-A deeper insight into the magnetic fields effect on transport via Corbino setup is provided with Fourier decomposition of the measurable quantities. The following expressions are obtained employing the Poisson theorem:
It is clear from Eqs. (8) (9) (10) , that for the moderate values of r 2 /r 1 (corresponding to large l n -s) the oscillations magnitude of first three charge-cumulants grows systematically with the cumulant rank (see Fig. 4 ). In fact, ∆X ≡ X max − X min exceed 10% of the diffusive value for r 2 /r 1 > 4.9 if X = G/g 0 , for r 2 /r 1 > 2.8 if X = F , and for r 2 /r 1 > 2.0 if X = R. The behavior of charge cumulants for larger r 2 /r 1 is, however, more complicated. Expanding Eqs. (8) (9) (10) up to the terms ∝ |α 1 | gives us
Due to a fast decay of |α n | with growing n, the above provides excellent approximations of G and F for r 2 /r 1 10. This is not the case for R, a first-harmonics amplitude of which changes the sign at r 2 /r 1 = exp( 2/5π) 7.2, leading to the oscillations frequency doubling (see Fig.  3 (c)) and to a cusp-shaped local minimum on the ∆R plot (dashed-dot line in Fig. 4 , notice also a local maximum at r 2 /r 1 4). For larger r 2 /r 1 -s, the magnitudes grows slowly approach the limiting value ∆G/g 0 = ∆F = ∆R = 1, keeping the relation ∆R < ∆G/g 0 < ∆F .
Conclusions.-We find the third cumulant of charge transfer via the Corbino magnetometer in graphene with moderate (and thus most likely experimentally accessible) outer to inner radii ratios r 2 /r 1 exhibits remarkably stronger oscillations with the varying field then earlier predicted for the conductance [9] and the shot-noise power [10] . The oscillations magnitude shows surprising features when studied as a function of r 2 /r 1 , including the maximum at r 2 /r 1 4, and cusp-shaped minimum accompanied by frequency doubling near r 2 /r 1 7. Such features, together with the size-dependent oscillations period, may help determining the effective proportions of ballistic graphene samples attached to metallic leads, at least in the case of a rotationally-symmetric setup.
Additionally, third cumulant appears to be the lowest in rank that is capable of illustrating the qualitative difference between electron magnetotransport through the Aharonov-Bohm and the Corbino quantum interference devices in graphene. Certain features of such two systems suggest that the former and the latter may reproduce transport properties of chaotic cavities and diffusive wires (respectively).
